Background Reperfusion is associated with good functional outcome after stroke. However, minimal data are available regarding the effect of reperfusion on clinical outcome and infarct growth in patients with distal MCA branch occlusions. Aim The aim of this study was to evaluate this association and to determine the impact of the perfusion-diffusion mismatch. Methods Individual patient data from three stroke studies (EPITHET, DEFUSE and DEFUSE 2) with baseline MRI profiles and reperfusion status were pooled. Patients were included if they had a single cortical perfusion lesion on their baseline MRI that was consistent with a distal MCA branch occlusion. Good functional outcome was defined as a score of 0-2 on the modified Rankin Scale at day 90 and infarct growth was defined as change in lesion volume between the baseline DWI and the final T2/FLAIR. Results Thirty patients met inclusion criteria. Eighteen (60%) had a good functional outcome and twenty (67%) had reperfusion. Reperfusion was not associated with good functional outcome in the overall cohort (OR: 1·0, 95% CI 0·2-4·7) and also not in the subset of patients with a PWI-DWI mismatch (n = 17; OR: 0·7, 95% CI 0·1-5·5). Median infarct growth was modest and not significantly different between patients with (0 ml) and without reperfusion (6 ml); P = 0·2. Conclusions The overall high rate of good outcomes in patients with distal MCA perfusion lesions might obscure a potential benefit from reperfusion in this population. A larger pooled analysis evaluating the effect of reperfusion in patients with distal MCA branch occlusions is warranted as confirmation of our results could have implications for the design of future stroke trials.
Introduction
Reperfusion is associated with improved functional outcome after ischemic stroke (1) . Our group and others have shown that patients with a perfusion-diffusion mismatch (small DWI lesions relative to PWI lesions) are more likely to benefit from reperfusion than patients without a mismatch (2) (3) (4) . The site of the arterial occlusion is also a predictor of clinical outcome with distal lesions showing more favorable outcomes than proximal arterial occlusions (5) . However, the relationship between reperfusion and good outcome in patients with more distal perfusion lesions has not yet been assessed. This association is of interest as it could affect the design of clinical trials that study the effect of reperfusion therapy outside the currently established time-window. We pooled data from three studies to determine the effect of reperfusion on clinical outcome and infarct growth in patients with single perfusion lesions distal to the first branch of the MCA (M1).
Methods
We combined individual patient data from the EPITHET (Echoplanar Imaging Thrombolysis Evaluation Trial), DEFUSE (Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution) and DEFUSE 2 datasets for this pooled analysis. The full methodology of the three studies has been described previously (2) (3) (4) . In brief, EPITHET was a prospective randomized trial in which patients received alteplase or placebo 3 to 6 h after stroke onset (3) . DEFUSE was a prospective cohort study of patients treated with alteplase between 3 and 6 h after symptom onset (2) . DEFUSE 2 was a prospective cohort of ischemic stroke patients who underwent a baseline MRI scan before endovascular therapy (4) . All studies required a baseline MRI with PWI to assess mismatch status and a follow-up MRI with perfusion imaging to assess reperfusion. Patients with single perfusion deficits, corresponding to vascular territories of MCA branches distal to the M1 segment, were included in this pooled analysis. Tmax maps were used to identify the PWI lesion volumes. PWI volumes were measured on Tmax>6 s maps. Patients were excluded if they had (1) evidence of a DWI lesion outside of the perfusion deficit;
(2) a lacunar pattern or a perfusion lesion without cortical involvement; or (3) an M1 or ICA occlusion on Magnetic Resonance Angiography (MRA). Target Mismatch was determined according to criteria from DEFUSE 2: A ratio between the volumes of critically hypoperfused tissue (Tmax > 6 s) and the ischemic core (ADC<600) of 1·8 or more, with an absolute Correspondence: Robin Lemmens*, Stanford Stroke Center, Stanford, CA 94305-5423, USA. E-mail: robin.lemmens@gmail.com difference of 15 ml or more; ischemic core volume of less than 70 ml; and less than 100 ml of tissue with a severe delay in bolus arrival (Tmax > 10 s).
Reperfusion status was primarily assessed based on criteria reported in the original studies. In EPITHET this was defined as 90% or more reduction in the volume of PWI (Tmax ≥ 2 s) between baseline and days 3 to 5 (3); in DEFUSE as 30% or greater volume reduction (Tmax ≥ 2 s) at 6 h compared to baseline (2) ; and in DEFUSE 2 as a more than 50% reduction in the volume of the PWI (Tmax > 6 s) lesion between baseline and early follow-up at 12 h or, when the early follow-up scan was unavailable, as TICI 2B perfusion at the completion of the endovascular procedure (4). A secondary analysis was performed, with reperfusion defined per DEFUSE 2 study criteria for all patients in the pooled analysis. Infarct growth was determined by subtracting the baseline DWI volumes from the final FLAIR or T2 volumes (at day 90 in EPITHET, day 30 in DEFUSE and day 5 in DEFUSE 2). Good functional outcome was defined as a Modified Rankin Scale (mRS) score of 0-2 and excellent outcome as a mRS score of 0-1 at day 90. Symptomatic intracranial hemorrhage was defined according to the definition in the Safe Implementation of Thrombolysis in Stroke Monitoring Study 2· (6).
Approval for all three studies was obtained from local institutional review boards. Each patient or -if the patient was unablea relative provided written informed consent.
Statistical analyses were performed with SPSS 20·0.
Results
Thirty patients (19 from EPITHET, 6 from DEFUSE and 5 patients from DEFUSE 2) who had perfusion lesions consistent with single distal MCA branch occlusions were included ( Fig. 1A) . MRA demonstrated the distal branch occlusion in six of these 30 patients (20%). Baseline characteristics are listed in Table 1 ; none of the patients had PWI lesions smaller than 5 ml. Seventeen patients (57%) had a target mismatch on baseline MRI and 20 patients (67%) had evidence of reperfusion on their follow-up MRI ( Table 1) . Baseline clinical and radiological characteristics were similar in patients with and without reperfusion. However the proportion of patients receiving tPA was greater in patients with reperfusion and the time from symptom onset to tPA administration was longer in patients with reperfusion ( Table 1) . None of the patients had a symptomatic intracranial hemorrhage. The mortality rate at day 90 was 3% (Table 1 ). Sixty percent of the patients experienced a good functional outcome ( Fig. 1B) . Reperfusion was not associated with functional outcome; the percentages of good functional outcome (mRS 0-2) were identical (60%) in patients with reperfusion and patients without reperfusion (OR: 1·0, 95% CI 0·2-4·7). Re-analyzing this association, using a uniform definition of reperfusion by DEFUSE 2 criteria in all patients, did not alter the results (OR for the association between reperfusion and good functional outcome: 0·3; 95% CI 0·03-3·3).
The findings were analogous in the small subset of patients in whom a vessel occlusion had been identified on MRA (OR: 1·0, 95% CI 0·1-96). Stratification according to target mismatch status on baseline imaging did also not alter the results. In target mismatch patients 6 of 12 patients with reperfusion had good functional outcome (50%) vs. 3 of 5 patients without reperfusion (60%) (OR: 0·7, 95% CI 0·1-5·5). There was also no significant association between reperfusion and good functional outcome after excluding patients who were treated with endovascular therapy (the DEFUSE 2 cohort) from the pooled analysis (OR: 2·1, 95% CI 0·4-12·3). There was no association between reperfusion and excellent functional outcome (mRS 0-1; OR: 0·4, 95% CI 0·1-2·1). In the EPITHET cohort (n = 19), tPA treatment was associated with reperfusion (four of ten placebo patients, 40%, experienced reperfusion compared to all nine, 100%, who were treated with tPA, P = 0·01), but there was no association between reperfusion and good functional outcome (OR: 1·2, P = 1·0) nor between tPA and good functional outcome (OR: 1·3, P = 1·0).
Infarcts grew little between the baseline (DWI) and the late follow-up MRI, and final infarct volumes were small ( Table 2) . Median infarct growth was not significantly different between patients with reperfusion (0 ml) and patients without reperfusion (6 ml; P = 0·2). Results were similar when using the uniform definition of reperfusion according to DEFUSE 2 criteria: Median infarct growth was 0 ml in patients with reperfusion vs. 11 ml in patients without reperfusion (P = 0·1).
Discussion
Patients with single distal MCA perfusion lesions often experienced reperfusion and often had a good functional outcome. However, reperfusion was not associated with good functional outcome in our study cohort. Several previous studies of intraarterial therapy in patients with distal MCA occlusions have also reported high rates of recanalization and good functional outcomes, both exceeding 50%, but they did not report the relationship between these two variables (7-9).
There are some limitations to our study. Firstly, the association between reperfusion and good functional outcome, if present, might be less marked in patients with single distal MCA perfusion lesions than in the overall cohort. Larger sample sizes would therefore be required to identify an association. To mitigate this limitation we included data from three studies, but the absolute number of patients remains modest and limits our power to demonstrate a potential effect of reperfusion. Secondly, as with any pooled analysis, combining data from multiple studies introduces variability due to differences in study design. However, Table 2 Clinical and radiological outcomes (n = 30) Reperfusion 20 (67%) Median final infarct volume -ml* 14 (6-33) Median lesion growth -ml 1 (−4-11) With reperfusion, n = 17 -ml 0 (−8-11) Without reperfusion, n = 9 -ml 6 (4-11) Mortality at day 90 1 (3%) Symptomatic intracranial hemorrhage 0 (0%) Data are n (%) or median (IQR). *Median reported for patients in whom final MRI was performed: n = 26. Research the benefit of pooling data to increase the overall sample size outweighs, in our opinion, the downside of introducing variability. In this pooled analysis variability included the assessment of reperfusion at different time points and differences in the definition of reperfusion among the three studies. Late assessment of reperfusion in EPITHET may have weakened the association between reperfusion and outcome. This formed the rationale for the use of study-specific reperfusion criteria as they were used in the original studies, but this may not have fully accounted for the variability. To assess the impact of the variability in reperfusion definitions, we ran a secondary analysis with a uniform definition of reperfusion according to DEFUSE 2 study criteria (>50% reduction in PWI lesion volume). The results of this secondary analysis were comparable to the primary analysis which used study-specific reperfusion criteria. Another area of variability involves the treatment regimens. Patients were treated with intravenous tPA in DEFUSE, intravenous tPA or placebo in EPITHET, and endovascular therapy in DEFUSE 2. The association between reperfusion and clinical outcome might differ based on treatment strategy. For example, reperfusion could occur later and may therefore be less effective in patients treated endovascularly. Excluding the DEFUSE 2 dataset from the analysis, however, did not alter our results. A third limitation is that high rates of good outcomes in patients without reperfusion, as documented here and by others (7) (8) (9) , might lead to a ceiling effect that is difficult to improve upon by reperfusion strategies. A stricter definition of favorable outcome (e.g. a mRS score of 0-1 at day 90) could potentially address this limitation, but our results remained unchanged when this stricter definition was applied. Finally, digital subtraction angiography is the gold standard for identification of distal MCA occlusions but this was not performed in DEFUSE or EPITHET. Instead we selected patients based on a combination of MRA data to exclude patients with M1 obstructions, and PWI data to identify patients with single distal MCA perfusion deficits. We chose this approach because MRA lacks sensitivity for diagnosing distal MCA lesions (10) . Previous studies have clearly established that reperfusion is associated with good functional outcome (1). Our results do not contradict these studies, but we failed to demonstrate such an association in the subgroup of patients with single distal MCA perfusion lesion who were treated beyond three hours from symptom onset. In addition, final infarct volumes were small and lesion growth was modest irrespective of reperfusion status. These findings suggest that the association between reperfusion and good functional and radiological outcome is weaker in this subgroup than in the overall population of acute stroke patients, including those who are treated earlier and/or have larger PWI lesions. In the patients from EPITHET the expected association between tPA treatment and reperfusion existed in patients with distal MCA branch occlusions, yet an association between reperfusion and good functional outcome did not; suggesting that tPA induced reperfusion might lack efficacy in patients with distal MCA branch occlusions who are treated outside the current therapeutic time-window.
Considering the small sample size in this and other studies of patients with distal MCA lesions, further pooling of data from multiple studies is required to determine, with sufficient power, whether the response to reperfusion in patients with distal MCA obstructions indeed differs from the response in the overall population. Larger studies would also be needed to explore the relationship between clinical outcome and reperfusion according to the side and/or location of the distal MCA branch occlusion.
Our results do not imply that intravenous thrombolysis should be withheld in patients with distal MCA perfusion lesions who meet established criteria for this treatment. They should only be considered as potential evidence that the response to reperfusion might differ when the distal MCA is involved. If confirmed by a larger pooled analysis, these results could be of relevance when deciding on patient selection criteria for future stroke studies. Specifically, trials that do not exclude patients with single distal MCA lesions may require larger sample sizes since these patients might have a high rate of good outcome regardless of reperfusion.
